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ROLE  OF  HIGHER  AQUATIC  VEGETATION  IN  THE  ACCUMULATION  OF  ORGA.NIC  AND  BIOGENIC 
SUBSTANCES  IN  INLAND  WATERS 

[city  not  given]  GIDROBIOLOGICHESKIY  ZHURNAL  in  Russian  Vol  5 No  6,  1969 

pp  28-39 

[Article  by  Yu.  G.  Maystrenko,  A.  I.  Denisova,  V.  M.  Bagnyuk  and  Zh.  M. 
Aryamova,  Institute  of  Hydrobiology,  Ukrainian  SSR  Academy  of  Sciences,  Kiev] 

[Text]  It  was  found  that  after  dying  and  mineralization, 
higher  aquatic  plants  can  serve  as  sources  for  organic 
and  biogenic  substances  accumulating  in  bodies  of  water. 

Data  presented  assist  in  clarifying  the  role  of  higher 
aquatic  plants  in  forming  the  hydroohemical  regime  of 
existing  inland  waters  and  can  be  used  in  predicting 
the  regime  of  biogenic  and  organic  substances  in  newly 
formed  bodies  of  water. 

Acciimulation  and  dynamics  of  organic  and  biogenic  substances  in  retarded- 
flow  inland  waters  (reservoirs,  lakes,  ponds  and  drowned  river  valleys)  are 
significantly  caused  by  higher  aquatic  vegetation  growing  in  the  bodies  of 
water.  Higher  aquatic  plants  contain  7.1-23  percent  proteins,  2-17  percent 
crude  proteins,  1.1-3. 0 percent  fats  and  I6. 7-12.0  percent  cellular  tissue 
[7].  Under  favorable  hydrothermal  conditions,  after  dying  and  microbiological 
degradation  of  enormous  masses  of  vegetation,  large  amounts  of  diverse  organic 
substances  and  biogenic  elements  are  liberated;  these  stimulate  the  growth — 
in  the  bodies  of  water — of  animal  and  plant  organisms  influencing  water  qua- 
lity and  interfering  with  water  utilization  for  economic  and  household  pur- 
poses . 

Currently,  executing  the  general  plan  of  hydrotechnical  construction  in  the 
USSR  very  acutely  poses  the  problem  of  the  quality  of  natural  waters  usea  in 
the  national  economy.  So  clarifying  all  factors  bearing  on  the  quality  of 
water  in  natural  and  artificial  bodies  of  water  is  ihe  paramount  task  in  the 
designing  of  reservoirs  and  in  predicting  their  water  quality.  Also,  wiiile 
predicting  salt  composition  poses  no  special  difficulties,  for  organic  matter 
and  biogenic  elements  this  is  very  difficult  owing  to  the  very  sparse  informa- 
tion on  factors  causing  their  accumulation,  dynamics  and  transformation . 


Recent  literature  has  very  limited  information  on  the  kinetics  and  decomposi- 
tion rates  and  certain  species  of  aquatic  plants  in  water  caused  by  the  in- 
tense development  and  vital  activity  of  saprophytic  microorganisms  [1-3,6, 9, 
13].  Available  data,  granted  all  their  value,  do  not  enable  us  to  form  an 
idea  of  the  quantitative  aspect  of  the  process  and  to  calculate  the  content 
of  constituents  of  organic  and  biogenic  substances  entering  the  body  of  water 
during  the  degradation  and  mineralization  of  higher  aquatic  plants,  a most 
vital  necessity  when  predicting  the  levels  of  these  constituents  in  inland 
waters . 

This  report  gives  the  results  of  an  experimental  study  of  the  incursion  rate 
of  organic  and  biogenic  substances  into  a body  of  water  during  the  degrada- 
tion and  mineralization  of  groups  of  higher  aquatic  plants  populating  a re- 
servoir in  the  Dneprovskiy  cascade.  The  work  was  done  in  the  hydrochemistry 
division  of  the  Institute  of  Hydrobiology,  Ukrainian  SSR  Academy  of  Sciences; 
it  is  part  of  integrated  studies  clarifying  the  role  of  vegetation  in  form- 
ing the  hydrochemical  regime  of  reservoirs. 

Method.  Experiments  with  higher  aquatic  plants — willow  grass  [Polygonum 
amphibium  L. ] , perfoliate  pondweed  [Potamogeton  perfoliatus  L.],  hornwort 
[Ceratophyllura  demersum  L.],  cat-tail,  water  thyme  [Elodea]  and  common  water 
plaintain  [Alisma  plant ago- aquatica  L. ] — were  performed  in  presterilized  30- 
liter  glass  bottles.  To  protect  against  air  contamination,  the  bottles  were 
covered  with  sterile  cotton  wool  pads  and  periodically  shaken.  Before  each 
experiments,  plants  collected  in  the  shallow  part  of  the  Kiev  Reservoir  were 
ground  in  the  natural  state  and  covered  with  reservoir  water  in  a 1:100  ratio 
The  constant  water  level  in  the  experiments  after  sampling  was  maintained  for 
the  analysis  by  adding  fresh  water  on  the  basis  of  the  natural  water  turnover 
in  reservoirs  (three  to  five  times  a year).  The  exposure  time  was  300  days. 
The  experiment  was  conducted  in  the  temperature  range  of  17-23°. 
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Hydrocheraical  and  microbiological  investigations  were  made  to  elucidate  the 
mechanism  of  bacterial  degradation  and  accumulation  in  water  of  organic  and 
biogenic  substances.  In  the  first  case,  the  organic  carbon,  nitrogen,  phos- 
phorus, permanganate  and  bichromate  oxidizability,  humic  compounds,  phenols, 
pH  and  oxygen  were  determined,  along  with  00  , all  forms  of  mineral  nitrogen 
and  phosphorus,  suspended  and  solute  iron,  silicon,  hydrogen  sulfide  and 
carbonates.  In  the  second  case,  saprophytic  bacteria,  proteolytic,  ammoni- 
fying, nitrifying,  denitrifying  and  also  aerobic  and  anaerobic  cellulosic 
microorganisms  were  determined.  Water  samples  were  taken  in  sterile  condi- 
tions. The  hydrochemical  and  microbiological  analysis  was  done  by  the  standard 
methods  [i*  ,8 ,10-12  ] . 

Results  of  Study 

Gas  regime.  In  the  first  3 days'  exposure,  the  oxygen  content  in  the  water 
of  the  test  vessels  dropped  by  2-U6  times  compared  to  the  background;  by  the 
fifth  to  the  fifteenth  day  it  fell  to  analytical  zero.  This  decrease  was 
particularly  marked  (by  l6-U6  times)  in  vessels  containing  willow  grass,  horn- 
wort  and  water  thyme,  and  less  so  (2-13  times) — in  vessels  containing  common 
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water  plaintain  and  perfoliate  pondweed.  As  Figure  1 shows,  euiaerobic  condi- 
tions of  mineralization  of  vegetation  in  the  experiments  with  willow  grass 
persisted  for  75-120  days;  in  experiments  with  perfoliate  pondweed,  hornwort, 
water  thyme  ajid  common  water  plaintain — for  i*5-55  days;  thereafter,  with  de- 
crease in  the  concentration  of  easily  oxidized  organic  compounds  the  oxygen 
content  rose  and  by  the  end  of  exposure  (270  days)  reached  fairly  high  values 
(52-76  percent  of  saturation);  the  exception  was  the  experiments-  with  willow 
grass  and  perfoliate  pondweed  (23-30  percent).  An  increase  in  the  oxygen  con- 
tent in  the  water  of  the  vessels  began  from  the  end  of  the  second  month  of 
exposure.  In  spite  of  the  acute  oxygen  shortage  during  this  period,  sapro- 
phytic bacteria  in  the  vessel  water  were  quite  numerous  {20 ,'y00-k2h  ,300 
colonies  per  ml) ; this  points  to  intense  degradation  of  the  substrate  even  in 
anaerobic  conditions.  ' 

The  COg  concentration  during  the  first  three  days  in  the  experiments  with 

willow  grass,  common  water  plaintain  and  water  thyme  rose  by  38-50  times  com- 
pared with  the  background,  while  in  the  remaining  days,  by  1.1-25  times;  the 
CO^  concentration  reached  a maximum  by  the  10-25th  day  of  exposure,  then  fell 
to  its  initial  values  (except  for  the  vessels  housing  willow  grass,  hornwort 
and  common  water  plaintain,  where  the  CO^  content  was  1.3-2:U  times  higher 
than  the  background  value). 

The  pH  varied  only  slightly:  in  the  10-90  days  span  it  fell  by  1.1-1. 5 times 
compared  with  the  background;  by  the  end  of  the  experiments  it  reached  its 
initial  value.  Its  observed  drop  was  due  significantly  to  carboxylic  acids 
accumulating  in  the  water  during  microbial  decomposition  of  organic  compounds 
in  higher  aquatic  plants  and  also  owing  to  deamination  of  amino  acids  in  ana- 
erobic conditions. 

The  dynamics  of  oxygen  and  carbon  dioxide  gas,  as  we  see  (see  Figure  l), 
depends  on  the  dynamics  of  organic  matter  entering  water  as  the  organic  matter 
in  vegetation  mineralizes:  corresponding  to  the  minimum  oxygen  content  in 
water  is  the  maxim\am  content  of  organic  carbon  and  carbon  dioxide  gas  and, 
vice  versa. 

Regime  of  Organic  and  Biogenic  Substances 

Significant  amounts  of  organic  and  biogenic  matter  accumulated  even  in  the 
first  few  days  of  exposure  in  the  vessel ‘water.  The  content  of  organic  sub- 
stances reached  maximum  values  mainly  by  the  15th  day  of  exposure;  here  the 
organic  carbon  concentrations  were  increased  compared  to  the  background  by 
1. 3-^.0  times,  the  organic  nitrogen  content — by  U-10  times,  the  organic  phos- 
phorus content — by  33-1U6  times,  humic  compoimds — by  1.6-2. 2 times  and  phenols 
— by  1.6-2. 2 times  (Table  1,  Figure  2).  The  maximum  color  index,  1.2-2. 4 
times  higher  than  the  backgroxind,  was  noted  by  the  U6th  day. 

Organic  matter  accumulated  most  intensively  in  the  first  five-day  period  and 
thereafter  diminished  somewhat.  The  dynamics  of  organic  carbon  and  organic 
nitrogen  showed  some  disparity  in  how  the  maxima  alternated;  evidently  this 
derived  from  the  nonuniform  assimilation  of  these  constituents  by  the  micro- 
organisms. The  organic  matter  started  decreasing  in  content  mainly  from  the 


3 


[Caption  to  Figure  1 on  preceding  page] 


Figure  1.  Dynamics  of  gases,  organic  matter,  aerobic  and  anaerobic 
cellulosic  bacteria  in  experiments  with  higher 
aquatic  vegetation: 

1.  organic  carbon  2.  CO^ 

3.  0 U.  aerobic  cellulosic  bacteria 

^ (A.  H.  lo. ) 

5.  anaerobic  cellulosic  bacteria  (Aw-.  U.  (>.) 
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second  ten-day  period  and  continued  to  the  end  of  the  exposure  (270  days). 
During  this  period  their  concentrations  in  the  experiment  exceeded  the  con- 
trol values:  carbon — by  1.1-2  times;  nitrogen — by  6-20  times;  phosphorus — 
by  0-6  times;  humic  compounds — by  0-1.5  times;  the  color  index  rose  by  1.1-1. 5 
times;  and  the  phenol  content  stayed  practically  the  same  as  the  control. 

The  accumulation  of  biogenic  elements  from  leaching  out  of  vegetation  and 
by  mineralizing  of  organic  matter  entering  the  water  in  the  first  15  days 
reached  maximum  values  mostly  by  the  close  of  the  second  month  of  exposure. 

Here  the  content  of  ammonia  nitrogen  went  up  by  11-37  times  compared  to  the 
background,  phosphate  phosphorus — by  li+-70  times  and  silicon — by  1.8-3. 7 times. 
Preceding  the  maximum  accumulation  of  biogenic  elements  in  this  period  was  the 
maximum  count  of  microorganisms  mineralizing  organic  compounds  (bacteria  grown 
on  beef-extract  agar  [BAE],  proteolytic  and  ammonifying).  For  example,  the 
count  of  ammonifying  bacteria  microorganisms  at  the  start  of  month  two  of 
incubation  reached  U.5  million  colonies/ml.  The  decline  in  the  content  of 
biogenic  substances  in  the  water  started  generally  from  the  sixth  ten-day 
period  and  by  the  end  of  exposure  reached  their  concentration  value  in  the 
background:  ammonia  nitrogen — by  1.2-2  times;  nitrate  nitrogen — by  0-1.1 
times;  phosphorus  of  insoluble  phosphates — by  10-28  times,  phosphorus  of  sol- 
uble phosphates — by  19-^5  times  and  silicon — by  0-2  times. 
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A similar  correlation  is  characteristic  also  of  bacterial  processes  of  degrad- 
ation, tapering  off  by  the  end  of  the  incubation  of  vegetation.  The  count  of 
microorganisms  causing  organic  matter  to  decompose  by  this  time  approached  the 
control  value.  The  sole  exception  was  the  nitrifying  bacteria;  its  count  rose 
with  the  increase  in  the  oxygen  concentration.  Thus,  by  the  15-35th  day  there 
were  no  nitrifiers  in  some  variants  and  by  the  60-130th  day  their  content  fluc- 
tuated from  6 to  90  colonies/lO  ml  water.  The  increase  in  the  count  of  nitri- 
fying bacteria  as  higher  aquatic  plants  decomposed  testifies  to  improved  sani- 
tary conditions  and  water  quality.  As  shown  by  the  reduced  hydrochemical  and 
microbiological  indicators,  the  incursion  of  organic  and  biogenic  substances 
during  the  mineralizing  of  plant  matter  can  last  the  whole  year;  however,  most 
of  the  matter  accumulates  in  the  water  the  first  2 months. 

Favorable  hydrothermal  conditions  even  in  the  first  few  weeks  favor  the  accum- 
ulation in  water  of  unstable  organic  substances  with  a narrow  ratio  of  organic 
carbon  to  organic  nitrogen.  This  process  is  attended  by  vigorous  growth  of 
saprophytic  and  proteolytic  bacteria.  The  maximum  development  they  showed  in 
vessels  storing  willow  grass,  perfoliate  pondweed,  cat-tail  and  water  thyme 
outpaced,  usually  by  12-20  days,  the  maximum  organic  nitrogen  content  in  the 
water,  and  in  vessels  storing  hornwort  and  common  water  plaintain — coincided 
with  this  maximum.  In  vessels  with  higher  counts  of  proteolytic  bacteria 
(willow  grass,  perfoliate  pondweed,  water  thyme  and  common  water  plaintain) 
organic  matter  accumulated  at  a C:N  ratio  from  U to  5,  while  in  vessels  with 
lower  bacterial  counts  (cat-tail  and  hornwort) — a C:N  ratio  to  7- 


By  ammonification  and  nonuniform  absorption  by  bacteria  of  carbon  and  nitrogen 
from  the  water  at  reduced  C:N  ratios  during  the  first  2 months,  the  vessels 
showed  the  accumulation  of  ammonia  nitrogen,  whose  concentration  later,  with 
development  of  the  nitrifying  bacteria  at  higher  C:N  values,  decreased.  Parti- 
cipating in  the  accumulation  of  ammonia  ions  in  the  water  were  also  the  deni- 
trifying bacteria;  their  count  in  this  degradation  phase  reached  110,000- 
lU0,000  colonies/ml  water. 


The  content  of  ammonia  nitrogen  began  dropping  from  the  time  oxygen  appeared 
in  the  water  and  nitrifying  bacteria  began  developing.  The  concentrations  of 
nitrogen  NO^  and  NO^  began  climbing  at  the  same  time. 
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Preceding  the  rise  in  the  content  of  organic  carbon  in  the  water  and  the  rise 
in  the  permanganate  and  bichromate  oxidizabilities  was  always  a vigorous  deve- 
lopment of  saprophytic  and  cellulosic  microorganisms,  here  the  first  maximum 
in  carbon  accamulation  was  preceded  by  a maximum  in  the  development  of  aerobic 
(to  100  colonies/ml),  while  the  second  maximum  in  carbon  accumulation  was  pre- 
ceded by  a maximum  in  the  development  of  anaerobic  cellulosic  bacteria  (19-^0 
colonies/10  ml  water). 

While  cleavage  of  complex  organic  (protein)  compounds  by  proteolytic  bacteria 
occurred  during  the  first  month  of  exposure,  ammonifying  reached  its  maximum 
by  the  26- 36th  day  and  stayed  at  a relatively  high  level  to  the  60th  day; 
this  is  shown  also  by  the  drop  in  the  ratio  of  organic  carbon  to  ammonia  nitro- 
gen (from  19-22  in  the  background  to  1. 5-6.0  in  the  experiments),  with  maximum 
concentrations  of  NKJ  nitrogen  and  an  increase  in  the  ratio  of  NH^  nitrogen 
to  organic  nitrogen  7 from  0. 7-0.8  in  the  control  to  2. 6-7. 6 in  the  experiments). 
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Figure  2.  Dynamics  of  organic  and  mineral  nitrogen,  and  of  ammoni- 
fying and  proteolytic  bacteria  in  experiments  with  higher 
aquatic  plants: 

1.  organic  carbon  2.  organic  nitrogen 

3.  ammonia  nitrogen  proteolytic  bacteria  (f^p.  6.  ) 

5.  ammonifying  bacteria  {Am.  6.) 


A.  Ammonifying  bacteria,  colonies/ml 

B.  C . , mg/liter 

organic 

C.  Willow  grass 

D.  N . , mg/liter 

organic 

E.  N (NHj^),  mg/liter,  proteolytic  bacteria, 
colonies/ml 

F.  Perfoliate  pondweed 

G.  Hornwort 

H.  Cat-tail 

I . Water  thyme 

J.  Common  water  plaintain 

K.  Days 


Observed  changes  in  the  qualitative  composition  of  organic  matter  released 
into  the  water  during  the  mineralizing  of  plant  material  agree  closely  with 
the  COg  and  oxygen  dynamics.  The  rise  in  the  rate  of  biochemically  unstable 
organic  compounds  accumulating  in  water,  as  Figures  1 and  2 show,  was  attended 
by  a rise  in  the  content  of  C0„  and  NH^  and  by  a drop  in  the  oxygen  concentra- 
tion. 


Even  though  the  amount  of  organic  and  biogenic  substances  released  into  the 
water  depends  on  diametrally  opposite  processes  of  accumulation  and  consump- 
tion owing  to  degradation  and  the  release  from  the  water  of  gaseous  products, 
the  data  in  Table  2 can  be  used  in  calculating  the  fraction  of  organic  and 
biogenic  substances  released  into  the  body  of  water  as  higher  aquatic  plants 
die  off.  Comparing  these  data  with  findings  from  the  decomposing  of  arboreal 
vegetation  [8]  lets  us  evaluate  the  significance  of  arboreal  and  higher  aquatic 
vegetation  in  the  accumulation  and  di'^namics  of  organic  and  biogenic  substances 
in  inland  waters.  For  equal  samples  of  higher  aquatic  plants  and  mixed  trees, 
in  the  same  hydrothermal  and  hydrological  conditions,  the  former  (converted  to 
air-dry  weight)  produce  in  each  unit  of  water  1.U3  times  more  carbon,  2.23 
times  more  organic  nitrogen,  6 times  more  ammonia  nitrogen,  2 times  more 
nitrate  nitrogen,  2-3.5  times  more  phosphate  phosphorus  and  2.2  times  more 
silicon — than  the  latter  do.  The  indicators  listed  (see  Table  2)  give  us  an 
idea  of  the  order  of  magnitude  of  the  amounts  of  organic  and  biogenic  sub- 
stances released  by  higher  aquatic  plants  as  individual  plant  groups  die  off 
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Key:  [to  Table  1 on  preceding  pages] 

1 . Constituents 

2 . Background 

3.  Days 
U.  third 

5.  fifth 

6 . tenth 

7.  fifteenth 

8.  twenty-fifth 

9.  fortieth 

10.  forty-fifth 

11.  sixtieth 

12.  nintieth 

13.  one  hundred-twentieth 
lU.  two  hundred- fifth 

15.  two  hundred-seventieth 

16.  Willow  grass 

total’ 

plant’  P/liter 

19.  mg  N/liter 

20.  mg/liter 

21.  Color  index,  degrees 

22.  Permanganate  oxidizability 
mg  0/liter 

23.  Bichromate  oxidizability, 
mg  0/liter 

2k.  Phenols,  mg/liter 

25.  Perfoliate  pondweed 

26 . Hornwort 

27.  Cat-tail 

28.  Water  thyme 

29.  Common  water  plaintain 

30.  Traces 
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Key:  [to  Table  2 on  preceding  page] 


1.  Constituents 

17.  Humic 

2.  Willow  grass 

18.  Color 

3.  Perfoliate  pondweed 

19.  60th 

U.  Hornwort  thyme 

20.  300th 

5.  Cat-tail 

21.  l*5th 

6.  Wa;er  thyme 

22.  90th 

7.  Common  water  plaintain 

23.  205th 

8.  Day  of  exposure 

2h.  15th 

9.  mg/liter 

25.  3rd 

10.  mg  N/liter 

26.  U6th 

'■“U'total- 

27.  5th 

28.  36th 

29.  25th 

13.  mg/liter 

30.  130th 

lU.  Organic  nitrogen,  mg/liter 

15.  Organic  carbon,  mg/liter 

16.  Phenols,  mg/liter 

31.  35th 

constituents,  mg/liter 
index,  degrees 


and  are  mineralized  and  allow  us — to  a certain  approximation — to  calculate 
the  fraction  of  organic  plant  matter  in  the  total  amount,  determined  analy- 
tically in  studies  of  inland  waters. 


By  way  of  example,  we  cite  the  calculation  for  the  Kiev  Reservoir.  From  I. 

L.  Korelyakova' s data  [5],  up  to  65  percent  of  higher  aquatic  plants  are 
formed  in  the  upper  shallow  part  of  this  body  of  water;  the  yield  is  UU,000 
tons/year  over  the  entire  shallow  part  of  the  reservoir.  Dying  and  mineral- 
izing of  this  vegetation  even  in  the  first  few  months  accumulates  significant 
amounts  of  organic  and  biogenic  substances  in  the  water  (Table  3).  Compared 
with  the  deep-water  zone,  their  content  in  the  shallow  area  rises;  by  10-25 
percent  for  carbon  and  nitrogen;  to  50  percent,  for  phenols;  by  50-85  percent, 
for  mineral  nitrogen;  by  100  percent,  for  phosphorus;  and  to  6 percent,  for 
silicon.  The  fraction  of  vegetative  ( autochthonic ) matter  for  the  entire  body 
of  water  in  the  period  of  the  maximum  content  of  these  constituents  in  the 
water  is:  1.5-^  percent,  for  organic  compounds,  and  8-17  percent,  for  bio- 
genic compounds. 


Conclusion 


Higher  aquatic  vegetation,  after  dying  and  mineralizing,  can  serve  as  a prime 
source  of  organic  and  biogenic  substances  accumulating  in  water.  When  this 
plant  life  is  at  a concentration  (moist  weight)  of  up  to  10  g/liter  water, 
during  the  first  days  the  oxygen  regime  substantially  deteriorates  and  the 
anaerobic  conditions  of  mineralization  of  plant  remains  persist  from  25  to 
120  days.  The  water  accumulates  a large  amount  of  biochemically  unstable 
organic  compounds  and  in  it  saprophytic,  proteolytic,  ammonifying  and  deni- 
trifying bacteria  develop  intensively.  As  the  C:N  ratios  narrow,  ammonia 


Table  3.  Accumulation  of  OrgJinic  and  Biogenic  Substances 
in  the  Shallow  Part  of  the  Kiev  Reservoir 
in  Summer 
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Key: 


1.  Constituents 

8.  Phenols 

2 . Amount 

9.  Ammonia  nitrogen 

3.  tons 

10.  Nitrate  nitrogen 

k.  mg/liter 

11.  Total  phosphorus 

5.  Organic  carbon 

12.  Solute  phosphorus 

6.  Organic  nitrogen 

7.  Humic  compounds 

13.  Silicon 

nitrogen  accumulates;  and  the  content  of  CO^  and  mineral  derivatives  of  nitro- 
gen and  phosphorus  increases.  The  count  of  saprophytic  microorganisms  and 
the  rate  of  accumulation  of  organic  and  biogenic  substances  are  the  highest 
in  the  first  two  ten-day  periods  of  plant  contact  with  water.  By  the  second 
month  of  mineralization  the  amoimt  of  biochemically  stable  organic  substances 
rises;  the  C:N  ratio  becomes  larger;  and  there  is  a decrease  in  the  content 
of  saprophytic,  proteolytic,  anaerobic,  cellxilosic  and  ammonifying  bacteria. 
During  this  period  nitrification  intensifies. 

At  the  maximum  release  of  organic  and  biogenic  substances  into  the  water, 
the  content  of  organic  nitrogen  and  carbon  exceeds  the  background  values  by 
1.3-10  times;  and  the  content  of  mineral  derivatives  of  nitrogen  and  phospho- 
rus— by  11-70  times.  At  maximum  mineralization,  1 g of  the  air-dry  mass  of 
aquatic  plants  produces  in  1 liter  of  water,  on  the  average,  1.^3  times  more 
carbon,  2.23  times  more  organic  nitrogen,  6 times  more  ammonia  nitrogen,  2 
times  more  nitrate  nitrogen,  2-3.5  times  more  phosphate  phosphorus  and  2.2 
times  more  silicon  than  1 g of  mixed  arboreal  vegetation.  The  accumulation 
of  orgaic  and  biogenic  substances  during  the  mineralization  of  macrophytes 
occurs  during  1-2  months  and  that  of  arboreal  plants — during  5 months. 
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These  calculations  give  us  an  idea  of  the  order  of  magnitude  of  organic  and 
biogenic  substances  released  by  vegetation  during  dying  and  mineralizing; 
the  calculations  help  in  solving  the  problem  of  what  role  various  factors 
play  in  forming  these  substances  in  inland  waters. 
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